Stromal cell derived factor-1 (SdF-1), a cXc chemokine that plays an important role in the tumor growth, angiogenesis and metastasis of tumor cells, has a polymorphism at position 801 of its 3'-untranslated region, known as SdF1-3' a. The SdF1-3' a polymorphism has been investigated in various types of cancer, but no information is currently available on its role in pancreatic cancer. in this study, 80 pancreatic cancer patients and 160 normal healthy control subjects were investigated for the genotype and allelic frequencies of the SdF-1 gene using Pcr-rFlP. The genotype frequencies for GG, Ga and aa were 21.25, 77.5 and 1.25% in patients, and 42.5, 55 and 2.5% in healthy subjects, respectively. The a carrier group (Ga+aa genotype) and the a allele were overrepresented among the patients with pancreatic cancer (p=0.015 and p=0.031, respectively). The Ga+aa genotype was statistically correlated with an advanced T stage and the presence of lymph node metastasis, and displayed a clear trend towards significance in relation to the presence of distant metastatic disease (p=0.061). Only T stage was significantly related to a allele frequency (p=0.004). SdF1-3' a allele carriers were more prevalent among cancer patients than among normal subjects. SdF1-3' a allele carrier status may imply a higher risk of pancreatic cancer, while the presence of the a allele in pancreatic cancer patients may be related to aggressive features of this malignancy.
Introduction
Pancreatic cancer remains one of the most lethal human cancers with an exceedingly poor prognosis due to the late occurrence of symptoms and its high metastatic potential (1) .
The aggressive behavior and lack of sensitivity of pancreatic cancer to most treatment options render this tumor a major cause of cancer-related death, with a mortality rate virtually equal to its incidence (2) . in 2002, there were approximately 232,000 cases of occurrence and 226,000 deaths due to the disease worldwide (3) . Pancreatic cancer remains multifactorial in its etiology and heterogeneous in its development and disease progression. enhancing our understanding of the molecular biology of malignant pancreatic disease will aid in bridging the gaps in the comprehension of the pathogenesis of this neoplasm, and may improve the clinical outcome for patients. Although smoking is firmly established as the strongest risk factor for pancreatic cancer, there is also considerable interaction between genetic and environmental factors (4) . Several studies have examined the association between genetic polymorphisms of smoking-and diet-related carcinogen detoxifying enzymes and pancreatic cancer (5-7). However, relatively scarce data exist regarding the genetic polymorphisms of factors with documented invasive and metastatic roles in this malignancy.
chemokines are low-molecular-weight peptide ligands that function as signaling molecules in the trafficking of leukocytes and other motile cells (8, 9) . They have been classified into four subgroups, c, cc, cXc and cX3c, based on the positioning of four conserved cysteine residues, which form two disulfide bonds (10) . The binding of chemokines to their G-proteinlinked receptors on target cells leads to signal transduction events involving the generation of inositol triphosphate, the release of intracellular calcium and the activation of protein kinase c and proteins of the ras and rho families (11) . chemokine receptor activation may lead to growth and adhesion, as well as to directional site-specific cancer cell migration and implantation in distinct metastasis-harboring organs (12) . chemokines orchestrate T-cell migration during immune and inflammatory responses as well as stem cell and progenitor immune cell migration to and from various organs and tissues in hematopoeisis and development (13, 14) . among the chemokines is stromal cell-derived factor-1 (SdF-1), also known as cXcl12, which was initially cloned by Tashiro et al. It was later identified as a growth factor for B-cell progenitors, and a chemotactic factor for T-cells and monocytes, and was found in B-cell lymphopoiesis and bonemarrow myelopoiesis (15) (16) (17) (18) . SdF-1 principally binds to the cXcr4 receptor, resulting in a SdF-1/cXcr4 receptor-ligand system involving a one-on-one interaction (19, 20) . a second newly-discovered receptor, rdc-1/cXcr7, reportedly binds SdF-1, although its functions remain unclear (21) .
recently, cXcr4 has attracted attention as it may play a crucial role in the metastatic processes of many types of tumors, including colorectal, breast and oral squamous-cell carcinoma (22) (23) (24) . Further data from in vitro and murine in vivo tumor models have underlined the key role of cXcr4 in tumor cell malignancy; the activation of cXcr4 by SdF-1 was shown to induce the migration, invasion and angiogenesis of cancer cells, while inhibition of the SdF-1-cXcr4 axis resulted in reduced metastatic potential (25, 26) . cXcr4 expression is detected in both pancreatic cancer tissues and cancer cell lines (26) (27) (28) (29) .
To date, three isoforms of SdF-1 have been described. The beta variant has a guanine to adenine (G→a) single nucleotide polymorphism at position 801 of the 3'-untranslated region of its gene (30) (31) (32) . allele a is probably a target for cis-acting factors, capable of up-regulating the expression of SdF-1 protein (30, 32, 33) . it has been suggested that homozygotes for SdF1-3'a (3'a/3'a) produce more SdF-1 than wild-type ones (3'G/3'G), an observation which is in need of confirmation (32, 34, 35) . This single nucleotide polymorphism of the SdF-1 gene has been investigated in type 1 diabetes and HiV-1 infection, and has been reported to be associated with an increased risk of non-Hodgkin's lymphoma in HiV-1 infected individuals (30, 34, 35) . The SdF-1 G→a polymorphism has been investigated in various cancers, but no information is currently available regarding its role in pancreatic cancer (36) (37) (38) (39) (40) (41) (42) (43) (44) .
We hypothesized that the a allele is associated with increased risk of pancreatic cancer and an aggressive tumor phenotype, and sought to explore the role of different SdF-1 genotypes in the susceptibility to and behavior of this disease.
Materials and methods
a case-control analysis was conducted on patients with ductal adenocarcinoma admitted to the First Propaedeutic department of Surgery, Hippocration university Hospital (athens, Greece). a total of 80 specimens were obtained intra-operatively from patients with pancreatic cancer (mean age ± SeM 66.85±1.16; median 70; range 27-82) who underwent Whipple surgery or from patients with inoperable or metastatic disease who underwent a biopsy of the primary site or of the liver metastasis as a sole procedure or as part of a palliative 'bypass' surgery for pancreatic cancer. The morphological classification of the carcinomas and the staging of the disease were conducted according to the World Health Organization specifications and the UICC staging system, respectively. an additional 160 age-and gender-matched healthy control individuals (blood donors randomly selected from our dna database) without evidence of malignancy or autoimmune disease were enrolled. all participants gave their informed consent prior to inclusion in the study.
Genomic dna was isolated using a nucleoSpin Blood kit (macherey-nagel, GmbH & Co. KG, Germany) according to the manufacturer's instructions. Genotyping analysis was performed using Pcr-rFlP with the primers SdF-F, 5'-caGTcaaccTGGGcaaaGcc-3' and SdF-r, 5'-CCTGAGAGTCCTTTTGCGGG-3' (GenBank accession number l36033). amplicons of 293 bp were subjected to restriction digestion by the Hpaii enzyme. SdF-1 wild-type alleles yielded 100 and 193 bp products, while SdF-1 3' a alleles (polymorphic) yielded a 293 bp product. The products were analyzed by electrophoresis on a 2% agarose gel and visualized using UV fluorescence after staining with ethidium bromide.
Statistical calculations were performed using the SPSS for Windows software package (SPSS inc., chicago, il, uSa). Frequency and susceptibilities of mutations were compared using the χ 2 test. Odds ratios (Or) and 95% confidence intervals (95% ci) were calculated with the corresponding χ 2 distribution test. The p-values obtained were two-tailed and determined to be significant at p<0.05. Hardy-Weinberg equilibrium was verified by calculating the expected frequencies and numbers and was tested separately in patients and in controls using the goodness-of-fit χ 2 test.
Results
Tumor characteristics are shown in Table i . The SdF-1 genotype and allele distribution among patients and healthy controls (Table ii) .
Concerning tumor characteristics, a statistically significant association was detected between the SdF-1 Ga a carrier group (Ga+aa genotype) and advanced T stage as well as the presence of lymph node metastasis (p=0.0001 and p=0.003), while a clear trend towards significance was observed in relation to the presence of distant metastatic disease (p=0.061) (Table III) . Only T stage was significantly related to A allele frequency (p=0.004) (Table iii) .
Discussion
The diverse cellular origins of SdF-1 and its constitutive expression in various organs warrant the study of this chemokine as an organ microenvironment 'host' factor in malignant and non-malignant pathologies (19, 45) . The role of sDF-1 as a significant 'host' factor is outlined by the model for metastasis proposed by Muller et al, according to which specific chemokines, secreted by particular target organs to which breast cancer metastasizes, serve to attract the circulating breast cancer cells that express receptors for these chemokines (46) . The authors identified one such chemokine/ receptor pair as SdF-1/cXcr4 (46) . Tumor cells, including breast cancers, were found to express high levels of the cXcr4 receptor, whereas human organs targeted by metastatic breast tumor cells expressed high levels of SdF-1 (46) . additional supporting evidence for the role of SdF-1 as a 'host' factor is that SdF-1 is a powerful chemoattractant secreted in the bone marrow, and functions to retain progenitor stem cells within the bone marrow (47).
it is commonly accepted that the clinical behavior of tumors depends on the relationship between tumor cells and the host. The majority of molecular studies have focused on cancer-associated genes or carcinogen-metabolizing genes; relatively few have been carried out to screen for genetic polymorphisms with the aim of uncovering the potential predictive role of such 'host' factors in cancer susceptibility or any of the carcinogenesis elements.
The most compelling evidence for the role of the SdF-1 G→a polymorphism in malignancy is provided by previous genotype and allele-frequency studies showing that this specific polymorphism is associated with a susceptibility to breast, lung and prostate cancer (36, 38, (40) (41) (42) . in the current study, we attempted to determine whether an association exists between this SdF-1 gene variant and pancreatic cancer. The data indicate that, compared with the controls, the genotype distribution and allelic frequencies were significantly associated with pancreatic cancer. consistent with the aforementioned reports, our study is the first to document the positive association of the a allele and the Ga genotype with an increased risk of pancreatic cancer development. on the other hand, current studies on colorectal cancer have failed to suggest a serious impact of the SdF-1 polymorphism on the risk of colorectal cancer development (43, 44) . Hypothetically, different mechanisms involved in the pathogenesis of colorectal carcinogenesis, along with a host of modifying molecular events, may account for this lack of association, in contrast to the documented role of the SdF-1 polymorphism in breast, lung, prostate and pancreatic cancer (36, 38, (40) (41) (42) . in other words, based on tissue origin, the influence of the sDF-1 gene polymorphism may contribute differentially between malignancies in mediating tumor progression, angiogenesis, metastasis and leukocyte migration.
The influence of the sDF-1 GA genotype and the sDF-1 a allele on pancreatic cancer development and progression remains to be determined for as long as the functional importance of the a allele in the expression of SdF-1 transcript and protein is largely obscured. as demonstrated in a study focusing on colorectal cancer, little is known about the interactions of various cancer-related genetic pathways and SdF-1/ cXcl12-cXcr4 signaling (43) . The association of SdF-1/ cXcl12 with cXcr4 activates the receptor, which leads to the activation of multiple signaling pathways and in turn regulates locomotion, chemotaxis, adhesion and the secretion of tumor cXcr4-positive cells. additionally, the results indicate a strong association between the Ga genotype and (100) or a allele and adverse tumor pathological characteristics, leading us to speculate that, in the presence of the polymorphism, this activation may be enhanced. The mechanisms behind the relationship between the SdF-1 polymorphism and the clinical behavior of the tumors, observed in many of the single nucleotide polymorphisms studied, has been poorly investigated. SdF-1 gene functional alteration, either towards the activating or the repressing side, taking into consideration the biological role of this molecule in the tumor microenvironment as well as the target organs for metastasis, may serve as a rational explanation. it should be kept in mind that the mode of action of chemokines depends heavily on the local environment, and that secreted SdF-1 is thought to act by creating a gradient for cXcr4-bearing cells (27) . Moreover, SdF-1 expression is most intense in typical 'homing organs' such as the lungs, bone marrow, liver and lymph nodes, as compared with other non-homing tissues (29, 48) . Synergies with differential expression or the action of co-factor molecules may be of paramount importance. Therefore, pathophysiologically, endothelial cells that co-express SdF-1 and VcaM-1 mediate tumor cell to endothelial cell attachment; cXcr4 activation by SdF-1 induces β-integrin expression and the binding of VcaM-1 to endothelial cells (49, 50) .
The results of the present study indicating the significant association of the SdF-1 Ga genotype with the T and n stages and of the a allele with the T stage, as well as the observation that all patients with metastatic tumors were positive for the Ga genotype, add to growing in vitro and in vivo evidence linking this important chemokine with an aggressive phenotype of pancreatic cancer (26) (27) (28) (29) . our data support the in vitro observations of Mori et al, who described a dosedependent SdF-1 stimulation of migration and invasion in pancreatic cancer cells and thus implicated the SdF-1 polymorphism in the gene's protein product in an enhancing role (26) . corroborating this report, the results of Marchesi et al indicated that SdF-1 (cXcr4) expression conferred increased motility and invasion ability to pancreatic tumor cells, while protecting the cells from serum starvation-induced damage and decreasing the rate of apoptosis (28) . The role of SdF-1 on the migratory phenotype of pancreatic cancer via the involvement of a paracrine mechanism in the SdF-1/cXcr4 receptor ligand system is outlined by koshiba et al (27) . 
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Ga or aa (%) G (%) a (%) Since many tumors widely express cXcr4, the receptor for SdF-1, this ligand/receptor pair is an interesting therapeutic target in cancer patients (26, 36, 41) . indeed, anticXcr4 agents in various cancers are currently undergoing clinical trials. Whether consideration, in terms of patient selection, should be given to the SdF-1 a carrier remains to be determined (36) . in addition to considering host factors such as chemokines and tumor factors as criteria for therapy selection, new clinical trials in oncology may focus on their respective polymorphisms as important modifying factors of prognosis and treatment strategy.
